We report the expression of zebrafish lmo4 during the first 48 h of development. Like its murine ortholog, lmo4 is expressed in somitic mesoderm, branchial arches, otic vesicles, and limb (pectoral fin) buds. In addition, however, we report zebrafish lmo4 expression in the developing eye, cardiovascular tissue, and the neural plate and telencephalon. We demonstrate that expression in the rostral hindbrain requires acerebellar (ace/fgf8) and spiel ohne grenzen (spg/pou2) activity. q
Results and discussion
We previously reported cloning of several genes expressed caudally in the zebrafish gastrula (Sagerström et al., 2001) . One of these is 76% identical to human and mouse LMO4, encoding a 167 amino acid protein with two LIM domains (Grutz et al., 1998; Kenny et al., 1998; Racevskis et al., 1999; Tse et al., 1999) . LIM domains, found in functionally diverse proteins, contain tandem non-DNA binding zinc fingers (Dawid et al., 1998) . LMO proteins are unique in that they lack other functional domains, and LMO proteins promote formation of multimeric transcription regulatory complexes by bridging factors such as bHLH and GATA proteins (Rabbitts, 1998) . LMO proteins also function antagonistically toward LIM-Homeodomain (Lhx) proteins by competing for binding to the essential co-factor Ldb/NLI (Rabbitts, 1998) . A single Drosophila LMO gene (dLMO) (Milan and Cohen, 1999; Shoresh et al., 1998; Zeng et al., 1998; Zhu et al., 1995) and four mammalian genes, LMO 1-4, have been identified (Rabbitts, 1998) . Human LMO2 and LMO4 (Sum et al., 2002; Visvader et al., 2001) loci are targets of chromosomal translocations associated with leukemias and breast cancer, suggesting that LMO genes are also oncogenes.
We mapped zebrafish lmo4 (AY028903) to an interval between 48.9 and 50.1 cM from the top of linkage group 5 (LG5; data not shown) using a zebrafish radiation hybrid panel (Geisler et al., 1999) . Several zebrafish genes located on LG5 have orthologs on Human chromosome 1 (Woods et al., 2000) , where human LMO4 resides. Sequence alignment and phylogenetic analysis (Fig. 1 ) support the conclusion that zebrafish lmo4 is orthologous to human LMO4.
We performed a detailed analysis of zebrafish lmo4 expression during gastrula and segmentation stages. Maternal lmo4 mRNA is observed ( Fig. 2A) but becomes undetectable by late blastula stage (Fig. 2B ). During gastrulation, zygotic transcripts appear above the germ ring at shield stage (6 hpf, Fig. 2C ) and become distributed broadly in the dorsal ectoderm and forerunner cells by 75% epiboly (8 hpf, Fig. 2D ). By bud stage (10 hpf, Fig. 2E -G, J) expression is restricted to the rostral domain. Triple in situ hybridization with probes against pax2.1 and krox20 (wide and narrow red stripes, respectively, in Fig. 2F ) show that bud stage lmo4 expression is in the presumptive rostral hindbrain.
Mesendodermal expression is present during gastrula stages but more apparent as ectodermal expression decreases by the bud and early somite stage (Fig. 2G, H arrowhead) . Presomitic mesoderm and tail bud expression is observed later (Fig. 2K , S, six-somite stage and T, 14-somite stage). Rostral somite expression is restricted to anterior epithelium Decreased expression in the rostral hindbrain by the three-somite stage is visible in lateral views of wholemount embryos (Fig. 2H ) though mesodermal expression in this region of the embryo is still visible. Dynamic expression in the anterior neuroepithelium begins around the threesomite stage (Fig. 2H, I ) at the anterior edge of the neural plate in the presumptive telencephalon, and persists in the dorsoanterior neural keel at the six-somite stage (Fig. 2K,  L) . By the ten-somite stage (Fig. 2M) , expression is visible through much of the optic vesicles and telencephalon. By the 14-and 18-somite stages (Fig. 2N, O) , optic vesicle expression is strongest in the medial areas that will form the optic stalk and retinal pigment epithelium. Expression at the 21-somite stage is restricted to the optic stalk (Fig. 2P , Q) and the pigmented epithelium (Fig. 2R) .
Expression is seen in the otic vesicle ( Fig. 2V ) and presumptive branchial arch region (Fig. 2W) at the 21-somite stage, as well as in the anterior sensory ganglia (Fig. 2X) .
We next examined expression between the prim-5 (24 hpf) and high pec stage (48 hpf). Cardiovascular expression is observed at the prim-5 stage in the endocardium along the anteroposterior extent of the tube (Fig. 3A) and in the midline vasculature (Fig. 3B) . Expression in the pharyngeal arch mesenchyme, heart and fin buds is observed at 36 hpf (Fig. 3C, D) .
Telencephalic expression is a persistent aspect of lmo4
M.E. Lane et al. / Mechanisms of Development 119S (2002) S185-S189 S187 Fig. 2 . Expression of lmo4 through the 24-somite stage. Whole-mount in situ hybridization with an lmo4 probe was performed as reported (Sagerström et al., 1996) . expression. This becomes restricted to the olfactory bulb by the 21-somite stage (Fig. 2P ) and remains at least through 48 hpf (Fig. 3E) . Expression in the presumptive hindbrain decreases significantly by early somitogenesis, however expression in a subset of rostral hindbrain cells is observed at 48 hpf (Fig. 3F) . While similarities in the expression of zebrafish lmo4 and that of its murine ortholog are observed (Hermanson et al., 1999; Kenny et al., 1998; Sugihara et al., 1998) , we note additional aspects. In particular, expression in the rostral hindbrain during gastrula stages, which has not been described in mouse, suggests regulation by genes involved in midbrain-hindbrain boundary (MHB) formation. We examined expression in embryos mutant at the acerebellar (ace), spiel ohne grenzen (spg) and no ishtmus (noi) loci, which encode fgf8 (Reifers et al., 1998) , pou2 (Burgess et al., 2002; Hauptmann et al., 2002; Reim and Brand, 2002) and pax2.1 (Brand et al., 1996) , respectively. We observed normal expression of lmo4 in embryos from noi/pax2.1 heterozygotes at all stages and no differences in lmo4 expression were detected prior to bud stage in embryos homozygous for ace/fgf8 or spg/pou2. spg embryos, distinguishable by reduced noi/pax2.1 expression, show reduced lmo4 expression (Fig. 4A-D , asterisks indicate noi/pax2.1 expression, brackets in Fig. 4A , B indicate metencephalic lmo4 expression). ace mutant embryos showed similarly reduced lmo4 expression (Fig. 4E-H ). Histological sections (Fig. 4G, H ) and a higher magnification view ( Fig. 4C, D; focal plane in the ectoderm) did not allow assignment of residual staining to a germ layer, but showed greatly reduced expression throughout.
Fgf8 signaling, detected by activation of the ERK-MAPK (Curran and Grainger, 2000; Umbhauer et al., 1995) , is disrupted in the rostral hindbrain in ace embryos (Fig. 4I,  J) , and lmo4 expression may be induced by Fgf. Indeed, implantation of an bFgf-soaked Affigel bead led to ectopic lmo4 expression (Fig. 4K, L) .
Materials and methods
See figure legends. 
